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Exit Rates

Karl Whelan
Division of Research and Statistics

Federal Reserve Board*
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Abstract

This paper presents a simple model of wage bargaining and employment flows
designed to address the effects of policies to increase the rate of exit to employment
of the long-term unemployed. Exit rates from long and short-term unemployment
have two effects on the unemployment rate: a positive one as high exit rates
strengthen current employees’ bargaining positions and thus wages and a negative
one as faster outflows from unemployment reduce the stock of unemployed. Thus,
there is a trade-off between the exit rate from long-term unemployment and the
exit rate from short-term unemployment. The paper’s principal result is that, in
steady-state, increasing the exit rate from long-term unemployment reduces the
unemployment rate. Dynamic simulations show that raising the exit rate of the
long-term unemployed leads to a decrease in both the mean and variance of the
unemployment rate.

*This paper is a revised version of Chapter 2 of my Ph.D. dissertation at MIT. I am very grateful
to Daron Acemoglu and Olivier Blanchard for comments. The views expressed in this paper are those
of the author and do not necessarily reflect the views of the Board of Governors or the staff of the

Federal Reserve System. Email: kwhelan@frb.gov.
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1 Introduction

The persistent high rate of long-term unemployment is perhaps the European Union’s
most serious economic problem and it is made all the more so by the well-known pattern
of declining exit rates from unemployment as duration rises: those unemployed longest
are the least likely to obtain employment. It is hardly surprising, then, that many
European economists and policy-makers have been proposing policies aimed at increas-
ing the exit rate to employment among the long-term unemployed. Examples of such
policies include job training and placement programs for the long-term unemployed, as
recommended by Layard (1997), and targeted employment subsidies, as proposed by
Snower (1997).

The most obvious criticism of these policy recommendations is that they can merely
obtain jobs for the long-term unemployed at the expense of the short-term unemployed,
and so increase the rate of outflow from long-term unemployment at the expense of
increasing the inflow. Proponents, however, have usually countered such criticisms
with two arguments. Firstly, it is argued that increasing the employability of the long-
term unemployed weakens the bargaining power of current employees and thus reduce
wages and increases the number of jobs.! Secondly, as Layard (1997) has pointed out,
if government policies can make the long-term unemployed more employable without
making the short-term unemployed less so, then they can increase the overall rate of
outflow from unemployment and so, holding the rate of inflow constant, such policies

can reduce the stock of unemployed.

This paper presents a simple but general model for analyzing the effects of policies
which increase the exit rate to employment of the long-term unemployed. It focuses
on the dual role which exit rates play in determining the unemployment rate: directly

through their effect on employment flows and indirectly through their effect on wages.

1See Martin (1994) or Snower (1994) for versions of this argument.



Wages are determined through a bargaining mechanism between the employer and
the employee in which the employer needs to pay a wage which depends upon the
employee’s “outside option”, usually represented as the expected present discounted
value of earnings while short-term unemployed. The most obvious example of such a
bargaining mechanism is the Shapiro-Stiglitz model of efficiency wages, but modelling
wages as a function of employees’ outside option has been a feature of almost all modern
models of wage determination, including the Nash bargaining model of Layard and
Nickell (1986). This approach, however, provides a simple counterpoint to the view
that increasing the exit rate from long-term unemployment must create jobs by directly
reducing wages. This is because wages are an increasing function of both short-term
and long-term exit rates: raising either strengthens bargaining positions by increasing
workers’ outside option. Thus, holding all else equal, an increase in the exit rate from

long-term unemployment raises wages and thus unemployment.

This paper’s principal result, however, is that in steady-state equilibrium, policies
which increase the exit rate from long-term unemployment do reduce the unemploy-
ment rate. Why? Because once we raise the exit rate from long-term unemployment,
we cannot hold “all else equal”: with an unchanged exit rate from short-term unem-
ployment, these policies would also act to reduce the stock of unemployed by increasing
the overall rate of outflow. Since this is incompatible with an increase in wages, labor
market interventions which succeed in increasing long-term exit rates must do so at
expense of reducing short-term exit rates and we show that they do so in a way that

reduces wages and the unemployment rate.

The previous papers which are most closely related to this work are Shapiro and
Stiglitz’s (1984) model of efficiency wages and Blanchard and Diamond’s (1994) dis-
cussion of the effect on wages of employer hiring rules which rank applicants by un-

employment duration. The model in this paper shares the Shapiro-Stiglitz model’s



focus on the dual role of exit rates, affecting the unemployment rate indirectly through
wages and directly through flow effects. However, while we calibrate an efficiency wage
version of the model for illustrative purposes, this paper’s results do not depend on
other specifics of the efficiency wage model. Blanchard and Diamond compared wages
determined by a Nash bargaining rule for two cases, one in which firms fill vacancies
by choosing applicants randomly and one in which firms hire the applicant with the
shortest unemployment duration. Their results showed that, for the same steady-state
unemployment rate (which was independent of the wage level), wages were higher un-
der durational ranking than under random hiring. Blanchard and Diamond’s model
featured an exogenous unemployment rate and allowed for comparison of wages un-
der two specific firm hiring rules and under specific assumptions concerning matching
between vacancies and the unemployed. The model in this paper, however, has an

endogenously-determined unemployment rate and its results are very general.?

The contents of the paper are as follows. Section 2 outlines the basic structure of
the model and Section 3 presents the principal results. Section 4 extends the model
to account for labor heterogeneity and also looks at out-of-steady-state simulations.
These show that increasing the exit rate of the long-term unemployed leads to lower
peak levels of unemployment during recessions, faster recoveries and a lower average

unemployment rate over the business cycle. Section 5 concludes.

2This generality comes at a price: the model in this paper features discrete time and two exit rates,
one for short—term unemployed and one for long-term while Blanchard and Diamond’s model is more

realistic in featuring continous time and a contiuum of exit rates.



2 The Model

2.1 Setup

Time is discrete. The economy has a fixed labor force normalized to 1.

Firms: There is a continuum of firms whose mass is also normalized to 1. All firms
produce a homogenous good with price equal to one according to identical technologies,
with each firm having a concave production function. There is no physical capital and
we will start the analysis with the assumption that labor is homogenous. Thus, the
production function is of the form AF (L) where A is a productivity parameter. In
Section 4, we allow for the more realistic assumption of heterogenous labor inputs.

Labor demand is determined by F’ (L) = w where w is the wage level.

Wages: Workers are risk-neutral and wish to maximize the expected present discounted
value of income using discount rate (1 + 7")71. Wages are determined in a bargaining
process in which the wage level depends positively on workers’ “outside option”, the
expected present discounted value of being short-term unemployed, Vs, as well as on
other variables influencing wage bargaining which we will label z: w = ¢ (Vs , z). For
illustrative purposes, we will use a simple extension of the Shapiro-Stiglitz efficiency

wage model as a specific example of such a bargaining process.

Separations: There is an exogenous separation process in which a fraction b of each

firm’s workers become unemployed each period.?

Exit Rates: At the end of their first period of unemployment, workers at time ¢ obtain
employment for the next period with probability ag,. If they do not obtain employment
at the end of their first period, they become long-term unemployed. Once long-term

unemployed they have exit rate ar,,, at time ¢ + k. These exit rates determine two

3Equivalently, we could assume that a fraction b of firms fail each period.



values for the unemployment rate, one through their effect on wages and thus labor
demand and one through their direct effect on the stock of unemployed. Thus, the
set of feasible values for these exit rates will be restricted by the necessity for these
two generated unemployment rates to be equal. However, this one restriction on the
two-dimensional set of possible exit rates still leaves a one-dimensional continuum of
feasible exit rate combinations: which combination is observed can be influenced by

government policies to reduce duration dependence.

Note that our assumption concerning exit rates is a very general one: it is merely a
statement that there are separate exit rates for long and short-term unemployed. If skill
loss during unemployment, declining search intensity with duration, or employer hiring
rules which rank applicants by duration are important, then these exit rates will decline
with duration. It is important to note, however, that there is an extensive empirical
literature on the question of whether the duration dependence observed in aggregate
exit rates is due to “genuine” duration dependence (as an individual’s unemployment
spell lengthens, her probability of exit from unemployment decreases) or labor hetero-
geneity (individuals with different characteristics have different exit rates and so the
long-term unemployed consist disproportionately of those with low exit rates). That
heterogeneity is an important influence on average exit rates is beyond doubt. It is
well known that long-term unemployment rates differ by education and other observ-
able characteristics. However, despite the large empirical literature on this topic, there
appears to be little agreement on the relative importance of heterogeneity and genuine
duration dependence.* Thus, we do not make any assumption concerning whether exit
rates display “genuine” duration dependence. However, our results below do imply that

the size (although not the sign) of the effect on the unemployment rate of increasing

“For papers based on macro data, see Jackman and Layard (1991) for an argument in favor of the
importance of genuine duration dependence and van den Berg and van Ours (1994) for a more mixed

assessment. Devine and Kiefer (1991) review the similarly mixed results from micro data studies.



exit rates from long-term unemployment depends upon how much duration dependence
there was to start with: in other words, duration dependence affects the unemployment

rate in a nonlinear fashion.

2.2 Exit Rates and the Outside Option

Consider now the determination of the value of employees’ outside option, the value
of being short-term unemployed, Vs. Define Vg as the expected present discounted
value of income obtained while employed. Without loss if generality, we will assume
that earnings while unemployed equal zero. The expected present discounted values of

earnings while in short and long-term unemployment at time ¢ are given by

1
VSt = m (aStVEt+1 + (1 - a’St) VLt+1) (1)
VLt = 1 ! r a’LtVEt+1 + (1 - a’Lt) VLt+1 (2)
+

Repeated substitution of these formulas, together with a bargaining equation linking
wages and thus Vg to Vg, yields a formula linking Vg, to positively to current and future

exit rates:

Since firms’ demand for labor depends negatively upon the wage level and positively
upon the productivity parameter A we have a general expression for the unemployment

rate:

The unemployment rate depends positively upon all current and future exit rates, neg-

atively upon A and also upon the bargaining variable z.

This general formula for the unemployment rate will be very complicated. In steady-

state, however, we have a simpler expression



U= H’w (a’SJG’LJZJA)

whose crucial properties can be explained using the following result.

Result 1: In steady-state, the relative size of the effects of ag and az on Vg, and thus

H,, depends upon the variable

9w _ 1-— as
T+ ar

since
Vs _, OVs

day, — “dag

Proof : Dropping the time subscripts from equations 1 and 2 we get

1
VS = 1 T (CLSVE + (1 — ag) VL) (3)
VL = 1 T (aLVE + (1 — CLL) VL) (4)
Solving for V;, we obtain
ar,
V; =
v r+ar

Inserting this into equation 3 gives us

. 1 ay,
R <aSVE + (1~ as) <T+aLVE>>

So given the definition of #,, we have

Vs

a5+aL9w
Vg = ———V, 5
° 1+r © (5)

Differentiating this gives

Vs _ Vi (1_ ar ): L " yoso

dag 1+r r+ag r+apl+r
%_ VE 9 _aL(l—aS) _0%
da;, 14+ (r+aL)2 - " Oag

as required. O



This result makes the simple point that those currently employed will not always
prefer policies which act to increase ag to those which act to increase ar. Which exit
rate current employees prefer to see raised will depend upon the variable 6, which in
turn depends negatively on both short and long-term exit rates: the numerator term
(1 — ag) represents the fact that the higher ag is the less important a;, will become while
the denominator term (r + aL)f1 describes the effect of an increase in a7, once a worker
has failed to exit short-term unemployment. When 6,, > 1 long-term unemployment
becomes a likely enough state for short-term unemployed individuals to find themselves
in, perhaps for a number of periods, and so they care more about increasing the value

of this state than they do about becoming re-employed next period.

Example: Efficiency Wages

One example of wage determination which is consistent with our assumptions is the
Shapiro-Stiglitz model of efficiency wages, extended to include separate exit rates for
short and long-term unemployed. Workers obtain flow utility w when shirking and w—e
when not shirking. Each period there is a probability b that a worker will lose her job
and, independently, imperfect monitoring of workers implies an additional independent
probability ¢ that workers who are shirking are caught and fired. The asset equations
characterizing the expected present discounted value of utility obtained while shirking
and not shirking are, respectively:

) 1 s
VEth = wy + 147 ((b +q) Vs +(L-b—q) VE?H)

1
Ve, =wi—e+ (bVersr + (1= ) Vs, )

where Vg is the value of being in short-term unemployment. Wages are always set so

that V5" = Vi
r r+b+q

+

wy = —
P gy S q

Je (6)
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Assuming workers do not shirk the steady-state value of being employed is.

147
Vi =
B r+b

(w—e)+ Vs (7)

r+b
Inserting equation 6 into equation 7 and re-arranging we get

(1+7r)e

Ve =Vs + (8)

So, together the parameters r,e and ¢ determine the extent of “insider power” which

imperfect monitoring gives workers.

Inserting equation 8 into equation 5 gives

as + apby (1+7r)e
Vs = 1%
g 1+r (Vs + q )
Re-arranging this gives,
r l=rbye
T+r 7 146, q

Thus, the efficiency wage can be written in terms of the model’s parameters as

(1+b+ 1+
w = -+ —
q  q(1+6y)

Je (9)
Note that now the parameter 6, not only represents the relative effects of ag and a; on
wages but also becomes a sufficient statistic for their effect.” When ag = a;, = a this

formula reduces to the familiar Shapiro-Stiglitz wage formula

b
w:(1+M)e
q

00y __ 00

5 . .
This is because e = Buwige-

11



2.3 Exit Rates and Unemployment Dynamics

We have described how future exit rates can affect the unemployment rate by influencing
the bargaining position of workers and through this wages. Thus at time ¢ a high value
of ag, tends to produce high unemployment. However, once we reach time ¢ + 1 this
high value of ag, will tend to produce low unemployment because it has contributed
directly to reducing the stock of unemployed individuals. More precisely, changes in

stock of unemployed will be given by
AUt = bLt_l — a5t71U5t71 — aLtflULH

where L is employment, Ug is the number of short-term unemployed and Uy, is the
number of long-term unemployed. Given the assumption that Us, = bL; | we get a

second-order difference equation in Uy
Uy=U1+b(1-U1)—=bas,_, (1 =Us2) —ar,_, (Uy1—b(1—U2)) (10)

Thus the unemployment rate at time ¢ is a function of all past exit rates and initial

unemployment

U= Uf ( as, 1,00, 1,08, 5,AL; 5,08, 35 AL, 35 -e-ey ba U07 U—l)

The steady-state solution to equation 10 is given by

b(1+aL —CLS)
U =
CLL+b(1+CLL—a5)
or, defining a new variable
1 —as
O = 11
= (1)
b(1+6f)

U=H b)) = ———F7—7—~ 12
f(aS?a/L;) 1+b(1+0f) ( )

12



Note that since, in steady-state, (1 — ag) Us = a,Uy, the proportion of the unemployed
who are in long-term unemployment is given by 1+ 6;. Equation 12 describes a mono-
tonic relationship between U and 1+4-0;. Thus, unless policies to increase the rate of exit
from long-term unemployment can reduce the total stock of unemployed, they cannot

affect the proportion of that stock who are long-term unemployed.

Along this steady-state unemployment schedule the effects of exit rates are:

OH; 0H;00; OH;—1
aCLS N Oﬁf 80,5 N 60f ar,

<0

OHf o OHf 60f - aHf—(l —CLS)
dar, 00y Oar, 00 ar

These results make the intuitive point that for a given rate of inflow into unemploy-

<0

ment, the higher are the rates of exit from unemployment then the lower the stock of

unemployed will be. They also give us a counterpart to Result 1.

Result 2 : In steady-state, the relative size of the effects of exit rates on H; are

determined by 6. In other words,

0H; _ , 0H,
aCLL N f@ag

Thus, ag has a weaker effect in reducing unemployment than ay, if and only if 05 > 1,

that is, when there are more long-term unemployed than short-term.

2.4 The Model’s Equilibrium

The economy’s equilibrium is characterized by a path for exit rates which yields

13



Thus, for t = 1,2,...N we have N simultaneous equations in 2/N exit rate variables.
Clearly, this will have an infinite space of solutions. We pin down a unique equilib-
rium path for exit rates and unemployment by specifying a rule as, = h; (az,) which

determines the pattern of duration dependence.

Characterizing the set of feasible steady-state equilibria consists of finding the set

of (ag,ar) combinations which give us

U=H,(as,ar, A, z) = Hy (as,ar,b) (13)

There is a continuum of possible solutions (ag, ar) to this equation and an equation
describing the relative structure of the exit rates is required to pin down a unique
equilibrium. We can now investigate the properties of the set of feasible solutions to

this equation.

3 Properties of Steady-State Equilibria

Equation 13 describes the determination of steady-state equilibrium unemployment.
Are there are any important differences between the different possible solutions to the
equation. In particular, does a reduction in the extent of duration dependence reduce

the equilibrium unemployment rate? Our main result shows that it does.

3.1 Unemployment and Exit Rates

Firstly, it is clear that there is a trade-off between ag and ay,.

14



Result 3: Let A,b and z be constant. Then, in the set of steady-state equilibrium

solutions there exists an implicit functional relationship ag = g(ar) where ¢'(az) < 0.

Proof: From equation 13 we have an equality between H,, and Hy. Since we are taking

all non-exit rate parameters to be constant suppress these arguments to obtain
H,(as,ar) — Hf(ag,ar) =0

This gives a constraint which we can differentiate with respect to a; to obtain an

implicit function ag = g(a):

OH, , OH,das OH; OH;das

_ — -0
8aL E)ag daL 8aL 8a5 daL
0H, _ OHy
das da 9a
> g'law) = o = o oy <0 (14)
dag dag

as required. O

This proposition can by illustrated by simulating the two exit rate efficiency wage
model derived above. The following choice of parameter values were used: A =1,b =
0.0566,7 = 0.125,¢ = 0.2,¢ = 0.25, F (L) = L%7. Since 1L+b represents the infinum of
the set of feasible unemployment rates, b = 0.04166 was chosen to give this a value
of .04. The values of r,e and ¢ together imply a value of 0.75 for Vi — Vg. This is
consistent with Vg being between 20% and 21% higher than Vg. Thus, the simulations

describe an economy which cannot have unemployment lower than 4% and in which

workers have significant insider power.

Figure 1 shows the set of feasible combinations of ag and a;. The graph shows
a strong, almost exactly linear, pattern of declining as as aj gets larger. Repeated
simulations show that this essentially linear pattern occurs for all sets of exogenous

parameters. It can be easily shown that an increase in e or r will shift this schedule

15



of feasible exit rates upwards, while an increase in A or ¢ shifts it downwards. Thus,
whatever rule is determining the relative structure of exit rates to close the model, an
increase in e or r will result in higher unemployment and at least one exit rate being

lower while an increase in A or ¢ will have the opposite effect.®

We can now show that anything which increases the exit rate of the long-term

unemployed will in fact decrease the equilibrium unemployment rate.

Result 4: Let A,b and z be constant. Then the steady-state equilibrium rate of

unemployment U depends negatively on ay.

Proof: We have established the existence of a negative functional relationship between
as and ay, such that H,(as(ar),ar) = Hf(as(ar),ar,) = U and calculated its derivative.
Given this we can calculate the sign of the change in unemployment when ay, increases
by differentiating either of the two functions H,, or Hy. Take H,,.

dU  0H,dag N 0H,,
da;  Oag da;,  Oay

Inserting the formula in equation 14 we obtain

AU OH, G — Gur.  OH,

+
daL 8a5(Qﬂm__Q§i)
das das

8aL

Since we know that

OH., OHy
8a5 8a5

>0

we can multiply through by this to obtain the requirement that the derivative of U with

respect to ay, is negative if and only if

6Unemployment depending positively on productivity is obviously a counter-factual implication
since the unemployment rate is a bounded variable whereas productivity grows over time. This impli-

cation can be overturned, however, if we link unemployment benefits to productivity.

16



0H, 0H; 0H,
aag aaL 6aL

0H, 0H, OH;

aCLL aas aas <0

)+

OH, OH; 0H, 0H;
Oag aaL 8aL aas

<0

Now use Results 1 and 2 to simplify this expression since

OH, 9 0H,,
aaL v aas
Oty dHs
da; f dag

Thus the required condition reduces to

anaHf anaHf l—as l—as
0;—0, <0= < — > <0
aas Oag ( f ) aas aas ar, T+ ar,
which is true. O

So, increasing the long-term exit rate reduces the equilibrium unemployment rate
as long as workers discount future earnings. The result holds because the relative size
of the long-term exit rate’s effect on the stock of unemployed through raising outflows
is always larger then the relative size of its effect on wages. Even when an increase
in a7, has a stronger effect on wages than an increase in ag, this can only be the case
if there are more long-term unemployed than short-term unemployed and so the flow
effect outweighs the wage effect: an increase in a; always requires a sufficient fall in ag

to reduce wages.

3.2 Quantitative Importance

We have shown that reducing duration dependence in exit rates can reduce the un-

employment rate. However, when is the effect quantitatively important? Technically,

17



what we are interested in is the partial derivatives of ;L—UL with respect to parameters of
interest. Unfortunately these derivatives are very complicated and unsignable analyti-
cally. However, simulating the efficiency wage model, the size of the effect can be easily

understood in terms of the term driving the result:
0w — O0r =d(as,ar,r)

If the function d (ag,ar,r) equals zero then duration dependence has no effect on un-
employment. Note then that the effect of ag on this function is negative and linear,
the effect of ay, is negative and convex and the effect of 7 is positive and convex.” This
implies that the magnitude of duration dependence’s effect on unemployment depends
negatively on exit rates: the more exogenous parameters, such as those influencing in-
sider power, are set so that the unemployment rate is high and exit rates are low, the
stronger will be the effect of duration dependence. We can see this from Figure 2: this
shows the relationship between unemployment and the difference between ags and aj,
for two different sets of parameter values: one with e = 0.25, one with e = 0.22, all
other parameters as above. Both show a convex relationship between unemployment
and duration dependence as the long-term exit rate falls. However, the relationship is

more convex for the higher value of e because exit rates are lower.

These results have two implications. Firstly, policies to reduce duration dependence

will have their greatest impact on unemployment in economies such as those in Europe

"More specifically

od 0%d
TG,S<O @—0
d 2d 1 1
das daj a;,  (r+ar)

od 0%d _ 2(1 - as)

6T> m_(r+aL)3>0

18



which currently have high unemployment. Secondly, the potential for a decline in the
unemployment rate from policies to increase long-term exit rates will depend positively
on the current extent of duration dependence. The simulations show however that the
likely impact on unemployment of policies to increase the exit rate of the long-term
unemployed is a small one. While bringing duration dependence down from very high
rates reduces the unemployment rate by multiple points, Figure 2 shows the effect of
moving the difference between long and short-term exit rates from the more realistic
value of 0.3 to -0.3 is 0.6 for e = 0.25 (9.4% to 8.8%) and 0.3 for e = 0.22 (7.4% to
7.1%). Repeated simulations show that for all reasonable parameterizations of duration

dependence and the unemployment rate, the effect is below one percentage point.

4 Extensions

Two questions can be raised about the results just derived. Firstly, given the obvious
empirical importance of labor heterogeneity, can we draw much from an analysis based
on homogenous labor? Secondly, are the insights gained from the steady-state results
useful when thinking about an economy with business cycles? This section looks at

these issues in turn.

4.1 Labor Heterogeneity

A standard way to introduce labor heterogeneity is to assume that differing types of la-
bor enter into the production function in differing fashions. For simplicity, assume there
are two distinct forms of labor input F' (Ly, L,) , and labor demand is determined by the
standard first-order conditions Ag—i = w;. Labor turnover and wage determination are
as before with a separate V¢ for each labor category. Depending on the quantity of each

category of labor supplied and the marginal productivity of each category, there will

19



be two classes of individuals with differing unemployment and exit rates. Assume that
the exit rates from both categories display some level of genuine duration dependence.
Letting a} and a% be the two short-term exit rates and a} and a? be the long-term exit
rates, we thus have

aézai%—alzo
at =aj +0y>0

where o1 and o, are measures of duration dependence in the two labor markets. The

following result explains the effects of these parameters on employment.

Result 5: Let A,b and z be constant. Then for a concave production function

F (L, Ls), in steady-state we have %, % are negative while %, % are negative
. . 92 F
if and only if aLoL; > Y-

Proof: In appendix.

This result holds because segmented labor markets imply that the effects of type-:
exit rates on wages are exactly as before: an increase in o; implies higher w; for constant
L;. Thus the effects of increased duration dependence are similar to the standard results

for the effects on factor demand of an increase in a factor price and so unsurprising.

The implications of heterogenous labor can be seen from simulating this model.
Specifically, the model was simulated using separate efficiency wages for each category
of labor under the assumptions that the supply of each equals 0.5 and technology is
CES

F (L, Ly) = A (6,10 + 6,L5) %

where 0, = 0.75, 0o = 1 and p = % : this number for p comes from Hamermesh’s

(1993) estimate of o = 3 for the elasticity of substitution between skilled and unskilled

20



labor. Thus category 1 is the unskilled (low wage, high unemployment) group. All
other parameters are as before including o = 0.7. The cross partial derivative is

0*F

anoL, = Ahdala—p) (LiLy)" " (AL + 510572 > 0

and so an increase in duration dependence in category 7 will increase in unemployment
in both categories with the effect on category j being very small. However, because
a — p is small the effects of o; on L; turn out to be very small. Thus, the dominant
effect on unemployment of an increase in o; is the decrease in L;. Figure 3 shows the

unemployment rate for skilled and unskilled categories as we increase both ¢; and o5.

This approach produces an interesting cross-sectional counterpart to our earlier re-
sult that policies to increase long-term exit rates have their strongest effects in depressed
economies. Figure 3 shows that policies to increase the long-term exit rate have their
strongest effect among the low-wage, high-unemployment category, with the explana-

tion being analogous to the cross-country argument above.

4.2 Out-of-Steady-State Dynamics

The results derived thus far indicate that, for an economy in steady-state, policies to
increase the exit rate of the long-term unemployed will lead to lower unemployment.
While obviously suggestive, these results may have limited applicability to the real world
since real economies cannot be characterized as displaying steady-state behavior: we
are thus interested in how duration dependence affects an economy which goes through

cyclical fluctuations.

Keeping the simple assumption that as = a;, + ( the time path for exit rates and

thus unemployment is obtained by solving the N simultaneous non-linear equations
Uf (agt_l,agt_Q,agt_g, ..... ,aso,,Uo,U,l) = Uw ( a5t+1,a5t+2,a5t+3, ......... ) t= 1,2,N
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for the N variables ag, , ag,, ...., ag, supplying the initial conditions ay and Uy as well as
the terminal value for Vg, (and thus Uy). It is clear that there will be no analytical
solution to these equations and so we need to apply numerical simulation methods. The
model was solved using the Fair-Taylor algorithm for the solution of rational expectation

models (Fair and Taylor, 1983).

Figures 4 and 5 describe two different types of out-of-steady-state behavior resulting
from cyclical fluctuations in the productivity parameter A. With the parameter values
used for the simulations and A = 1 both economies are relatively depressed: the random
hiring steady-state unemployment rate is 13.7% while the duration dependence rate is

14%.

Stochastic Business Cycle: Figure 4 shows an extract from a simulation in which the
exogenous productivity parameter A goes through stochastic fluctuations. In particular,
we set

A=1+v v, =050_14€e e~ N(0,00075)

Calculating moments over all time periods of the simulation, we find that the difference
between mean unemployment rates is almost exactly equal to the difference between
steady-state rates when evaluated at the mean of the A process: this indicates that,
despite the complexity of the model, the steady-state analysis still provides a use-
ful baseline. The economy with duration dependence also has a higher variance for
unemployment: 1.56 percentage points as opposed to 1.24. Figure 4 shows that the
difference between the two economies is most pronounced during and after recessions
with the duration dependence economy having higher peak values for unemployment.
This economy has a higher variance for unemployment because during booms it has

very similar levels of unemployment to the random hiring one.
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Deterministic Business Cycle: The model has also been simulated with A displaying
a deterministic cyclical pattern in which it equals 1 plus a sine wave with amplitude 0.02
and a cycle of 10 periods. Figure 5 shows the time-line unemployment using a 20 period
sample. The results show that the economy with duration dependence moves more
quickly to peak unemployment during recession and experiences a higher peak level
of unemployment: in the depicted simulation, peak unemployment is 1 point higher.
During the recovery period, the decline in unemployment is slower in the economy with
duration dependence: the largest difference between the two unemployment rates, 1.5
points, occurs 4 periods after peak unemployment. Once the economy moves into its
boom period, however, the duration dependence economy experiences a lower level of
unemployment at the bottom of the cycle: there is one period at the bottom of the
cycle in which unemployment is a half point lower than the random hiring economy.
Again the duration dependence economy has a higher average unemployment rate over
the business cycle with the difference being close to the difference between steady-state

rates evaluated at A = 1.

5 Conclusion

This paper has shown how policies directed towards increasing the exit rate of the
long-term unemployed can reduce total unemployment and that this result holds very
generally. Sensitivity analysis of the results shows that the size of this effect depends
positively on the rate of time-discounting, the current level of duration dependence and
also on any structural variables which affects the unemployment rate positively. An
implication of this result is that policies to increase long-term exit rates will be most
effective in economies such as those in Europe which have structural factors underlying
high unemployment and large numbers of long-term unemployed with low levels of labor

market attachment. A cross-sectional implication is that policies directed at reducing
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duration dependence will be most effective in reducing unemployment when targeted

at low-skill, high unemployment groups.

It must be noted, however, that simulations indicate that for realistic parameter
values, the steady-state effect of these policies are small: certainly less than one per-
centage point. Finally, the out-of-steady-state simulations show that even for economies
in which the steady-state gains from eliminating duration dependence are small, the ef-
fects on the cyclical behavior of unemployment can be substantial: the simulations
suggested that economies with duration dependence have higher peak levels of unem-

ployment, slower recoveries and higher average unemployment over the business cycle.
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A Omitted Proof

Proof of Result 5: For both types of labor we have

1 —ai, —o;
N; - i:<1+#>bLi
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This can be re-arranged to give

bL; (1 — 0;)
N; — L;

a; =

Now the formula for the outside option for each type, Vi (al,a’) will be exactly as
derived in Section 2.1. Thus, given a formula w; = g (Vs) where ¢' > 0, we can find the

effect of o; on w; as follows

ow o i 8 L dal 3V- aaL

ow; _S_

oo; g (V ) da’y Oo; OaL 0o
V

U}’Lao—>

bL; 0y,ibL;
_z__|_
L; N;—L; )

||
@QJQﬁ
ST S

gan
|

bL; 1 1
Ni—Li 1+_5_ 1+0f,z'

L

Thus

Owi . ,( ) c’ﬂ/s 1 (9 gwyi) > 0

ow;
oL;

Similarly we have > (0. Thus we can formulate the wage rate in category ¢ as

w; = w; (L;, 0;). Thus, the first-order conditions determining both labor inputs are

oF

¢1(Ly, Lo, 01) = A— —wy (L1,01) =0 (15)
0L,
oF

¢2 (L, Lo, 09) = Am—— — wq (Lo, 09) =0 (16)
0L,

We are interested in the effects on L; and Ly of changes in o, and 05 and we have

2 nonlinear equations in these 4 variables. Use implicit differentiation to obtain

091  0¢1 dLy 9¢1
0L OLo> do; _ do;
Op2  9¢2 dLy ¢z
0Ly OL> do; 0o;
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and obtain solutions using Cramer’s Rule. Letting

o1 O

D — 0Ly OLo

Oy O¢a

L1 9L

we have solutions

941 91
dLl _ —1 0o; OLs>
do;  |D|| 9¢2 9¢»
do; OLo>
dp1 091
dL2 o -1 o0L1 Oo;
dO'Z' |D| O¢a Oz
oLy do;

Let H be the Hessian matrix of F'. Then

ow1 0
_ 0L
D=H-—
ows
OLo

The strict concavity of the production function gives us that H is negative definite.
Thus D is the sum of two negative definite symmetric matrices and so is symmetric

negative definite. This means that |D| > 0.
Finally we get that

. dL1 . . 0¢1 a¢2 Qs . ow 62F _ 8w2
Slgn <d0'1> N Slgn (801 8L2> N Slgn (( 60'1> <8L§ 8L2 <0

and so by symmetry % < 0. Similarly we have

. dL1 Qs 8¢1 8¢2 Qs 82F ng
Slgn <d0'2> N Slgn <8L2 80'2> N Slgn ( 8L18L2 80'2 <0

o2F dL:
s10r; > U, and so also by symmetry we have g2 <0.

by our assumption that
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Figure 1: The Tradeoff Between Exit Rates
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Figure 2: Steady-State Unemployment Rates and Duration Dependence
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Figure 3: Skilled and Unskilled Steady-State Unemployment Rates
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Figure 4: Unemployment Rate: Stochastic Business Cycle
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